NASA TECHNICAL NOTE NASA TN D-2539

12082

(ACCESSION NUMBER)

(((((((

NASA TN D-2539
=
o
35

((((((

((((((((((

~ SONIC-BOOM EXPOSURES DURING
- FAA COMMUNITY-RESPONSE STUDIES
OVER A 6-MONTH PERIOD IN
THE OKLAHOMA CITY AREA

by David A. Hilton, Vera Huckel,
Roy Steiner, and Domenic J. Maglier:

Langley Research Center
‘ Langley Station, Hampton, Va.

$
$

Microfiche (MF) g/é/ 7.5

Hard copy (HC)

GPO PRICE
OTS PRICE(S)

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION e WASHINGTON, D. C.  DECEMBER 1964



SONIC-BOOM EXPOSURES DURING FAA COMMUNITY-RESPONSE STUDIES
OVER A 6-MONTH PERIOD IN THE OKLAHOMA CITY AREA

By David A. Hilton, Vera Huckel, Roy Steiner,
and Domenic J. Maglieri

Langley Research Center
Langley Station, Hampton, Va.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

For sale by the Office of Technical Services, Department of Commerce,
Washington, D.C. 20230 -- Price $2.00



SONIC-BOOM EXPOSURES DURING FAA COMMUNITY-RESPONSE STUDIES
QVER A 6-MONTH PERIOD IN THE OKLAHOMA CITY AREA

By David A. Hilton, Vera Huckel, Roy Steilner,
and Domenic J. Maglieri
Langley Research Center

SUMMARY

\ 0%

Measurements of sonic-boom ground overpressures have been made over a
period of several months and for several flights each day. Data were obtained
both inside and outside of bulldings at locations on the ground track and at
distances from the ground track of about 5 and 10 miles. Statistical analyses
have been performed for both the overpressure and impulse data.

The measured sonic-boom signatures were noted to vary widely both in pesk
amplitude and in wave shape because of atmospheric dynemic effects. The highest
overpressure values were assocliasted with waves having short duration pesks where-
as low overpressure values were assoclated with rounded-off waves resembling
sine waves. The variations of the overpressures and lmpulses may be represented
over the significant range by log normal distributions, the overpressures having
a markedly wider range of variations than the impulses, Measurements at lateral
distances of 5 or more miles indicated wider ranges of varlations than similar
measurements on the ground track.

For the same values of overpressure outside of a building, the inside pres-
sure values were greater for exposures of longer wave length but did not vary
appreclably for marked differences in wave shape for s given wave length.

)

INTRODUCTION

The effects of sonic booms are an important consideration in the overland
operation of supersonic aircraft. Of particular significance in the operation
of proposed supersonlc transports 1s the resction of communities to sonic-boom
exposures from repeated flights. Only s limited amount of information relative
to this repeated exposure problem is avallable. This fact has led to the
Oklahoma City experiments sponsored by the Federal Aviation Agency and partici-
pated in by other sgencies and organizations, the NASA being responsible for the
measurement of sonic-boom exposures in the test area. The material of this
paper 1s thus primarily concerned with these latter measurements. In addition
to describing the sonic-boom exposure of the community, the data illustrate some
of the effects of the atmosphere during sonic-boom propagation.



In previous experiments, some varlations of wave shape and overpressure
values were found to exist and were ascribed to atmospheric effects. (See
ref. 1.) These effects were noted to be related to conditions of the atmosphere
near the earth's surface. Such results were obtained during a series of studies
that were rather limited both in terms of number of flights and time duration.
The COklahoma City experiments have provided the opportunity to evaluate possible
effects on the sonic-boom signatures of the atmosphere and weather for an
extended period of time and for a relatively large number of flights; however,
only a partial analysis has been made to date.

The purpose of this paper is to document the sonic-boom pressure exposures
during these experiments and, in particular, at three measuring stations for
about 1225 flights in the time period February 3, 1964 to July 30, 196L. Data
are tabulated for each flight so that they may be correlated with information
generated by other organizations participating in this program. Included are
analyses of some specific sets of data such as categorizations of waveforms and
statistical breakdowns of overpressures and positive impulses.

SYMBOLS
A airplane cross-sectional area, sq ft
A(t) nondimensional cross-sectional area A/Z2 at nondimensionalized
station t = x/l
B equivalent cross-sectional area due to 1lift at airplane station x

8 X
given by B = 2q b/:) Fp' dx

Cy, 1lift coefficient

Fr,' lifting force per unit length along airplane longitudinal axis

h airplane flight altitude, ft

I, impulse of sonic-boom ground-pressure signature

Kr ground reflection factor

1 length of airplane, ft

M Mach number

P reference pressure, 1lb/sq ft

Ap incremental pressure above ambient pressure due to flow field of

airplane, 1b/sq ft




Apy peak positive inside overpressure, lb/sq 't

Apo pressure rise across shock wave at ground level, lb/sq ft

q dynamic pressure, 1b/sq ft

S wing planform area, sq ft

t nondimensionalized distance along longitudinal axis from airplane
Atg time duration of phase of sonic-boom ground-pressure signature
X cylindrical coordinate measured along body axis, ft

B=\M" -1

Subscripts:

calc calculated

max maximum

meas measured

pos positive

The followlng symbols and definitions are used in tables I to XXI to
denote weather conditions:

Surface winds:

First number in colummn is direction (true north) from which wind is blowing;
second number in column is wind velocity in knots.

Cloud cover:

C) clear

(D scattered
O broken

P overcast

X obscuration
Precipitation:

A minus sign before type of precipitation indicates that the precipitation
was light; otherwise, precipitation was moderate.



E sleet
F fog
GF ground fog

haze

drizzle

rain

H

L

R

RW rain showers
S sSnow
T

thunderstorm

ZR freezing rain

APPARATUS AND METHODS

Test Conditions

Test flights for which data are presented were made in the Greater Oklahoma
City area along the track indicated in figure 1. This general area has an ele-
vation of about 1,700 feet above sea level and includes a population of about
750,000 people in its urban, suburban, and rural regions. Several flights per
day were made starting in February 1964 and continuing through July 1964 .

Test Airplanes

Photographs of the airplanes of the types used in these tests are shown in
figure 2. Airplane A has an overall length of 54.5 feet and a gross weight
varying from 14,000 to 19,000 pounds. Airplane B has an overall length of
67.5 feet and a gross weight varying from 34,000 to 45,000 pounds. Airplane C
has an overall length of about Tl feet and a gross weight of about 35,000 pounds.
Airplane D has an overall length of 96.8 feet and a gross weight varying from
100,000 to 116,000 pounds. Aircraft of these types have been used in other
sonic-boom flight-test programs and some details such as area distributions,
fineness ratios, and shape factors are given in references 1 and 2. The air-
Planes were maintained and operated by U.S. Air Force personnel.

Aircraft Operatlions and Positioning

The aircraft were operated in the altitude range 21,000 to 50,000 feet and
the Mach number range 1.2 to 2.0. The airplanes in all cases were positioned
over the test area and along the prescribed ground track (see fig. 1) by means
of ground-control procedures with the aid of radar tracking. The ground con-
troller was located in Fort Worth, Texas, and the radar antenna was located
within the Oklahoma City area. (See fig. 1.) Most of the flights were made on
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a heading of 0490 magnetic. On February 19 and 29, the flights were made on g
heading of 229° magnetic; on April 28, the heading for flights 1 to 4 was 310°
magnetic, and flights 5 to 8 were on 130° magnetic; on April 29, flights 1 to k4
were made on a heading of 170° magnetic, and flights 5 to 8 on 350° magnetic.
Flights on March 7 were conducted on the O4L9° magnetic heading, but the air-
plane was displaced 8 miles to the north of the original track. Radar plotting-
board overlays were obtained for all flights, and the data were used to provide
information on aircraft plan position and ground velocity. Altitude was obtained
from a Ground Control Intercept station located in Oklahoma City. All altitude
values listed in the data tables are separation distances, that is, the actual
distance from the airplane to the ground surface.

Each aircraft was directed on the flight track such that the desired Mach
number and altitude conditions were reached vhen the ailrcraft was in the vicinity
of Minco, Oklshoma and were maintained to the general vicinity of Arcadis,
Oklahoma. When these procedures were used, the sonic booms observed at the
measuring stations indicated in figure 1 were associated with steady-level flight
conditions of the alrcraft. In some cases the acceleration portion was extended
beyond the point shown in figure 1 to permit two passes to be made during one
flight. For some of these latter flights, acceleration effects as indicated by
a double-boom disturbance (see ref. 3) were noted to exist in the Oklahoma City
test area. Only the first to arrive pressure signature, which in all cases was
the most intense, has been included in the data tabulations.

Atmospheric Soundings

Rawinsonde observations from the U.S. Air Force weather facility located
at Will Rogers Field, Oklahoma (see fig. 1) were taken within 1 hour of the
times of all of the supersonic flights. Measured values of temperature and
pressure, along with the calculated speed-of-sound and humidity values and wind
velocity and direction values, were provided up to at least the airplane test
altitude.

In addition to the four rawinsonde observations which were obtained during
each day, surface measurements of temperatures, winds, and so forth were obtained
along with information relayed by the pilots during their ascent to altitude and
during the actual supersonic run. The type of information obtained from the
pilots included indications of turbulence, cloud cover, and precipitationm.

Pressure Instrumentation

The main components of the measurement systems used for sonic-boom pres-
sures are the same as those described in more detail in reference 1. Each chan-
nel of the system as used in the experiments consisted of a specially modified
microphone, tuning unit, d-c amplifier, and oscillograph recorder. The usable
frequency range was from 0.1 to 5,000 cycles per second, and this range applies
to all the data presented herein. The microphones have a dynamic range from
about 70 to sbout 150 dB. They were field-calibrated statically before each
test by means of a pressure bellows and a sensitive manometer. Prior to field
installation, frequency-response curves were obtained for all microphones.



Sonic-boom pressure measurements were made both inside and outside the
three test buildings. Each outside microphone was shock mounted at ground
level in the surface of a plywood reflecting board, as shown in figure 9 of
reference 1. Wind screens designed so as not to affect the pressure measure-
ments were used at all times. When measurements were made during precipitation,
a thin plastic cover was draped loosely over the wind screens.

For the inside measurements, each microphone was shock mounted at approxi-
mately 5 feet from the floor level near the center of the room. These setups
were used to make inside and outside measurements at each of the three meas-
uring stations noted in figure 1.

In order to obtain information on the sizes of areas affected by given
levels of ground overpressure, a speclal multiple array of microphones was used
for simultaneous measurements at selected locations. Simultaneous recordings
from each of the 5 microphones were made for several flights for microphone
separation distances from 50 to 200 feet in straight lines parallel to and per-
pendicular to the flight track of the aircraft. These data were taken in open
areas at locatlions near the ground track and also at lateral distances of about
8 miles on either side of it.

Sonic-Boom Calculations

Sonic~boom calculations are included in this paper only for airplanes A
and B since these airplanes are the ones for which sufficient data were obtained
for statistical analyses. The method of performing the calculations i1s the same
as that outlined in the appendix of reference 1. Both volume and lift were con-
sidered and in the manner illustrated in figure 3. The assumed volume distribu-
tions and 1ift distributions for each airplane are shown in figures 3(a) and
3(b), respectively. From the basic 1lift and volume distributions, the sonic-
boom characteristics for each aircraft are determined by machine computing pro-
cedures in parametric form as indicated in figure 3(c).

In the calculations for signature wave lengths which are required in
determining the impulse functions, it was assumed that far-field conditions
existed and that 1lift effects could be neglected. In the calculations of wave
lengths, the method of reference 4 was used and the duration of the positive
phase of the wave was assumed to be equal to that of the negative phase.

RESULTS AND DISCUSSION

Wave Shapes

The type of experimental data obtained in the measurements of the present
studies is 1llustrated in figure 4, which shows sample outside and inside sonic-
boom pressure signatures. The outside pressure signature is of the N-wave type,
whereas the inside pressure signature has the general appearance of a damped




sine wave. The peak overpressure values in either case are defined as the
maximum positive deviation from local atmospheric pressure, as indicated in the
figure.

From a study of the data obtailned, 1t was found that the outside pressure
traces varied markedly in character such that it was useful to categorize them
as indicated in figure 5. The characteristic wave shapes are presented on the
left~-hand side of the figure, and word descriptions, on the right-hand side.

In cases where wave shapes did not fall naturally into one of the categories
illustrated, a two-letter designation was assigned; for instance, a type "NP"
was Jjudged to be intermediate between type "N" and type "P." Also shown on the
figure are definitions of such quantities as positive impulse Io and the dura-

tion of the positive phase of the wave Atgy, which are listed in the main data
tables along with peak overpressure and wave-shape categories.

Tabulations of Data

The measured data as determined from time-history records such as those of
figures 4 and 5 are listed in tables I to XXI. The data in each table are
listed chronologically for each aircraft and altitude combination. In addition
to the sonlc-boom signature data for the three measurement stations, some asso-
ciated weather and aircraft operating condition information is included. Where
there are no entries in the table, either the data do not exist or could not be
properly interpreted.

For the convenience of the reader, and to indicate sample size, table XXII
has been prepared to include the number of data records at each measuring station
for various flight conditions, along with the number of the appropriate table
(see tables I to XXI) in which the data are included. It is obvious from an
inspection of table XXII that a larger number of flights were conducted for
some test conditions than for others, and thus these results are of greater
statistical significance.

Variations for a Series of Flights

The data of tables I to XXI have been studied in detail to determine the
manner in which the peak overpressure and impulse values vary. The results of
these studies are included in figures 6 to 9. In these figures the data have
been plotted as relative cumulative frequency distributions and thus, on the
ordinate scales, give the probability of equaling or exceeding the given values
of the abscissas.

The data of figures 5, 6, and 7 illustrate the variation of the peak over-
pressures for the entire range of flight conditions for airplanes A and B at
each of three measuring stations. In figures 8 and 9 the variations of the
impulse values for these two aircraft are shown by means of similar plots. All
the data have been plotted on log normal paper and straight lines have been
faired through the data points as an aid in interpretation. For this type of



presentation, the data points would all fall on a straight line if the loga-
rithms of the data fitted a normal distribution.

In each case the opportunity is taken to plot on the abscissa scale the
ratio of measured to calculated values of either overpressure or impulse. The
measured value of overpressure or positive impulse for any particular flight
may be obtained from the appropriate coclumn of tables I to XXI. The calculated
values, on the other hand, may be obtained from table XXII. Also shown in each
figure is an insert sketch (histogram) showing probability of occurrence of
various values of the abscissa quantity.

Several observations can be made from the data of figure 6. Let us first
focus our attention on the data of figure 6(a) which relates to the measuring
station on the ground track. The data seem to follow a log normal distribution
with the exception of the low-valued points and this is a rather general result
of the experiments. The median value of the pressure ratio for this case is
noticeably less than 1. In fact, about 80 percent of the measurements for this
particular condition were lower in amplitude than would be predicted and only
about 20 percent equaled or exceeded the predicted value. It can also be seen
that there is a probability of about 1 percent (0.0l) that the measured value
will equal or exceed the predicted value by 50 percent.

Figures 6(b) and 6(c) ineclude similar data but for locations about 5 or
10 miles, respectlvely, off the track. It can be seen that as the distance from
the track is increased, the variation in amplitude tends to be greater and the
median value is nearer unity than for the location on the track. It is not
known whether these differences are due to sampling variations, a longer ray
path in the presence of turbulence, a large-scale temperature anomaly, a
shifting of the exposure pattern because of cross winds (see ref. 5), or some
combination of these phenomena.

There is also a trend toward greater deviations from the log normal dis-
tribution curve in the low-amplitude range for greater lateral distances. The
data show about a l-percent probability of equaling or exceeding measured values

which are 2 to 2% times the predicted values. This result should not be inter-

preted to mean that the actual overpressures are necessarily higher than for the
on~-the-track location since the off-the-track calculated values are, of course,
generally lower (see table XXII). Similar data for airplane B are shown in
figure 7. It can be seen that the same general trends of the data exist. The
median values and the range of pressure-ratio values are noted, however, to be
higher for airplane B.

Tt is believed that if the aircraft speed, weight, and altitude were held
absolutely constant and the atmospheric conditions constant, the overpressure
values would be equal for gll flights. The overpressure values from one flight
to another are not constant, but rather vary in amplitude over a considerable
range. These variations may be due to such factors as small variations in air-
craft flight conditions, small variations due to measuring technique and instru-
ment inaccuracles, and variations que to the weather. For the data illustrated,
the weather effects are judged to be dominant.




The positive impulse functions have been determined for the experiments of
figures 6 and 7 and are presented, respectively, in figures 8 and 9. Log normal
plots are presented and the data are coded in the same way as for figures 6
and 7. The variations in the impulse functions are noted to be similar in
nature to those for the overpressures; however, the range of values is markedly
less. It can be seen from figure 8 that the median value is generally less than
the predicted value, whereas the reverse is true in figure 9. This result is
not presently understood; however, the use of the far-field theory of refer-
ence 4 may result in overestimating calculated impulse values for alrplane A
and in underestimating them for airplane B.

Variations for a Given Flight

The data presented in tables I to XXI and in figures 6 and 7 indicate the
type of variations of the pressure exposures at discrete measuring points over
a period of time during which atmospheric changes occurred. In order to pro-
vide some information relative to the variations occurring in specific areas on
the ground as a result of a single flight, experiments were performed with a
special microphone array in which the individual microphones were accurately
spaced and oriented relative to the flight track. Sample data obtained in this
manner are presented in figures 10 and 11.

The data of figure 10 represent an overall calibration of the individual
microphones in the array. They were placed within a few inches of each other
for one of the flights in order to check for repeatability and to determine the
amount of variation inherent in the field use of these instruments. Tracings
were made of the pressure~-time history records and are presented in the figure.
It is obvious that the wave shapes are nearly identical, since the systems are
closely matched in frequency response and are closely grouped to minimize atmos-
pheric effects. As illustrated in figure 10, the variation in the results from
the average value which msy be ascribed to instrument differences and calibra-
tion and reading errors is noted to be less than about 7 percent.

For the experiment the sensitive dilaphragm element of the microphone was
located about 6 inches above and parallel to the reflecting surface, and this
location accounts for the small steps in the steeply rising portions of the
waves at both the initial and final compressions. The same microphone posi-
tioning scheme was used to obtain the data of figure 11.

In figure 11 are presented tracings of the measured waveforms from the
accurately calibrated and oriented array of matched microphones. These data
illustrate the variations of waveforms obtained for given flights for which the
aircraft operating conditions are essentially constant. The waveforms are pre-
sented in the proper time sequence and are directly comparable in amplitude.
A1l data of the figure were recorded for microphone separation distances of
200 feet. Data are presented for flights at times 2 hours apart on the same
day. It can be seen that a wide variation in wave shape occurred even over a
distance on the ground of a few hundred feet, and that the variations were 4if-
ferent for the two flights. The widest variation occurred for the data of fig-
ure 1l(a), where a definite progression was noted from a highly peaked wave of



relatively large overpressure at the first measuring point to a rounded-off
wave of relatively low overpressure. The data of figure 11(b) also suggest a
definite progression of events. A study of a series of recordings such as these
and others of a similar nature taken during the experiments suggests a rising
and falling of the peak overpressure values along with corresponding wave shape
changes as a function of distance along the ground. The peak overpressure value
rises and falls as a function of distance in much the same manner as the surface
level of the ocean in the presence of waves. Although not shown in the figure,
significant differences in wave shape were measured at separation distances as
small as 50 feet. Such variations as these, which have also been observed on
other occasions (see ref. 1), are believed t6 result from temperature and veloc-
ity anomalies in the atmosphere, particularly in the lower layers.

Lateral-Spread Patterns

In order to summarize the results pertaining to the lateral-spread patterns
in the test area, the comparable pressure data are plotted in figure 12 as a
function of distance from the ground track of the aircraft. Data are included
for eight flights during a particular day and include measurements made at three
permanent measurement stations and with the use of a mobile recording station
at an 8-mile distance on the opposite side of the track. For each of the per-
manent recording stations, one data point was obtained for each flight, whereas
five data points were recorded for each flight at the mobile recording station.
There is noted to be some scatter in the overpressure values at all measuring
stations. The most scatter and the highest overpressures occur at station 3
for the operations on this particular day. From an inspection of similar data
for operation on other days, it was noted that the largest scatter and highest
overpressures do not always occur at station 3, but also might occur at any of
the other stations. Also shown in the figure is a calculated curve of nominal
overpressure values for these flight conditions along with the calculated cut-
off points for atmospheric refraction, a zero wind condition being assumed.
(See ref. 6.) For the data shown in the figure, there was a prevalling wind
generally from left to right (northwest to southeast). Such a wind occurred on
most days of operation. There is a possibility of a shifting of the whole pres-
sure pattern, generally to the right, for such wind conditions. Such a shift
of the pressure pattern is Jjudged to have occurred on some occasions when wave-
forms of type C (see fig. 5) were measured at the upwind measuring station.
Such waveforms are consistently measured near the edge of the pressure pattern.
Another result which suggests some shifting of the pressure pattern is the fact
that in many cases, as for instance those of figure 12, measured overpressures
at station 3 were as high as or higher than those at station 1.

Correlation Between Inside and Outside Measurements

The measured data have been analyzed for the purpose of establishing some
correlation, if possible, between the inside measurements and the outside meas-
urements. There is reason to believe that the inside microphone may give an
indication of the overall dynamic response of the building since it integrates
all the pressure fluctuations in its vicinity because of the motions of the
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building components. Such a measurement might, therefore, be significant with
regard to judgments of acceptability by indoor observers. One of the findings
of these studies is illustrated in figure 13. In the upper part of the figure
are shown two markedly different waveforms as measured for airplane A at the
outside microphone measuring location of station 1. Even though the overpres-
sure values and the associated wave shapes differ, the wave lengths are nearly
the same. The bottom traces are the corresponding pressure-time histories meas-
ured at the inside microphone location of the test building. The most obvious
result is that the inside pressure traces are very nearly identical despite the
marked differences in the outside pressure traces.

The results of figure 13, of course, apply to a particular aircraft. Dif-
ferent results are obtained, as illustrated in figure 14, for different air-
craft. In the top part of the figure are the outside pressure traces for air-
craft A and D, and in the lower part of the figure are the corresponding inside
pressure traces. Although the outside pressure traces differ in some detail,
the major difference is in the wave length. The inside pressure traces are
seen to differ markedly in character, the trace with the fluctuations of lower
frequency being associated with the outside wave of longer duration or wave

length.

These results suggest that the peak pressure alone is not the dominant
factor in building response, but that a combination of pesk pressure and time
duration (impulse) may be important. Figure 15 contains a presentation of the
comparable inside and outside measurements to illustrate a possible correlation
of these data. Inside peak overpressures are plotted as a function of positive
impulse values as determined from outside pressure measurements and as listed
in tables I to XXI. The large number of data points for both alrcraft A and B
are represented by the hatched areas. The inside pressure values are noted to
increase generally as the outside impulse values increase and thus tend to be
higher for the larger aircraft.

Inside Acoustic Measurements

In figures 13 and 14, some examples are shown of the nature of the inside
pressure signatures for various flight conditions. In general, the onset of
pressure is slow, the peak value is less, and the duration is markedly longer
than for the corresponding outside signature. Since the primary building vibra-
tion modes are the dominant contributors, the resulting pressure time history
has a large low-frequency content, some of which is subaudible. In order to
determine the contribution of the high-frequency components, some recordings
were made for the range 100 to 5000 cps. The peak nolse levels in thils latter
frequency range did not exceed about 90 dB. The relative importance in the
reaction problem of the low-frequency or subaudible components and the high-
frequency acoustic components remain to be evaluated.
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CONCLUSIONS

Anslyses of sonlc-boom pressure measurements made in the Oklahoma City
area over a 6-month period and for varying atmospheric conditions and flight
conditions indicate the following conclusions:

1. Wide varlations in ground pressure signature were observed with cor-
responding wide variations in the peak overpressure and to a lesser degree,
varlations in the positive impulse function.

2. Variations of overpressure and impulse may be represented by a log nor-
mal distribution (normal distribution of thelr logarithms) over the significant
ranges.

3. One percent of the measured overpressures equaled or exceeded the pre-
dicted values by a factor of about 1.5 to 3.0 depending on the distance rela-
tive to the ground track; the larger factor was associated with the larger
distances and with the lower predicted value.

L. One percent of the measured positive impulse vaslues equaled or exceeded
the predicted values by a factor of about 1.2 and 2.0 depending on the distance
from the ground track, the large factor being assoclated with the larger dis-
tances and with the lower predicted value.

5. Measurements at several points for a given flight show also a varia-
tion in wave shape as a function of distance in the direction of flight. An
orderly progression of wave shape 1s suggested by the data from a highly peaked
wave at one point to a rounded-off wave at another and vice versa.

6. Measured pressure signatures inside of a building were lower in ampli-
tude and longer in duration than the corresponding outside pressure signatures
and were domlnated by frequency components corresponding to the principal vibra-
tion modes of the bullding.

T. The levels of the pressures inside of s building in the range of fre-
quencles 100 to 5000 cps are about 30 dB lower than those in the range 0.1 to
5000 cps; thus, an inside observer is subjected to strong pressure variations
in the subaudible range and relatively weak pressure variations in the audible
range.

8. For equal ocutside peak overpressures the pesk pressures inside a
residential-type structure were greater for a longer wave length.

9. Inside peak pressures were found to correlate well with vibration in
the positive impulse function of the outside pressure signature. For a given
vave length they did not vary appreciably for marked variations in the wave shape.

Langley Research Center,
National Aeronsutics and Space Administration,
langley Station, Hempton, Va., October 1k, 196k4.
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TABLE XXII.- SUMMARY OF DATA POINTS AND NOMINALS AT FACH MEASURING STATION FOR VARIOUS FLIGHT CONDITIONS

Altitude Station 1 Station 3 Station L&
Table | Alrplane | 800Ve ground | ypoop
level Number of Numb £
e‘f’:. ’ a:::bgigis Ao, cale | fo,cale | gope ;:igts o, cale | To,cale aata ziﬁts %o, calc | To,cale
I A 41,000 2.0 3 0.90 0.0235 3 0.81 0.0221 3 0.64 0.0188
I A 38,000 1.5 8 93 L0247 9 .81 .0227 8 .63 .0192
I A 37,000 1.5 1 96 .0255 1 .8y 0235 1 .65 .0197
I A 36, 000 1.5 1 1.00 .0263 1 .88 L0243 -—- .67 0203
I A 35,000 2.0 1 1.17 .0292 1 1.02 L0269 1 .77 0223
II A 35,000 1.7 1 1.09 .0277 1 .96 .0256 1 .73 .0213
II A 35,000 1.5 26 1.05 0273 26 .91 L0251 > .69 .0209
I A 34,000 1.8 1 1.17 0290 1 1.02 L0268 1 7 .0222
I A 33,000 1.7 1 1.19 .0293 1 1.03 L0271 1 7 0224
I A 33,000 1.5 2 1.13 .0289 2 . 0265 2 T3 .0219
III A 32,000 1.8 3 1.27 .0307 3 1.09 .0283 3 .81 L0232
III A 32,000 1.5 103 1.18 .0297 101 1,02 .0273 106 76 0224
v A 31,000 1.5 17 1.23 L0306 17 1.06 L0281 17 .18 L0229
v A 30,000 1.8 2 1.38 .0326 1.18 L0300 1 .86 L0243
v A 30, 000 1.7 76 1.35 .0320 78 1.16 .0295 Th .8l .0239
A A 30,000 1.5 68 1.28 0315 70 1.10 0289 69 .80 L0234
VI A 29,000 1.8 1 1.4k L0336 1 1.22 .0308 ——— .89 .02kg
VI A 29,000 1.7 27 1.41 L0331 26 1.20 L0304 25 .87 L0245
vI A 29,000 1.55 1 1.36 L0326 1 1.15 L0298 1 .8 o241
vI A 29,000 1.5 29 1.34 L0324 29 1.1 L0297 26 .83 .02L0
vII A 28, 000 1.7 34 L.47 L0341 33 1.2 .0312 34 .89 .0251
VII A 28,000 1.5 168 1.h0 L0335 169 1.18 L0305 155 .85 L0245
VIII A 27,000 1.7 5 1.54 L0352 5 1.29 .0321 5 .92 L0256
VIII A 27,000 1.5 8 1.h7 L0346 8 1.22 031k 8 .87 L0251
VIII A 27,000 1.3 5 1.36 L0347 3 1.1% .0316 b .81 .0252
VIII A 26, 000 1.5 2 1.54 L0357 2 1.27 L0323 2 .90 L0256
IX A 2,000 1.5 1 1.69 L0382 11 1.37 0341 11 .95 L0267
IX A 24,000 1.h 8 1.62 L0377 8 1.32 .03k0 T .92 0266
IX A 24,000 1.3 1 1.56 .0383 1 1.27 L0343 1 .88 .0269
X A 23,000 1.6 1 1.81 L0396 1 1.46 L0353 1 1.00 .0275
X A 23,000 1.5 2 1.77 0394 2 1.42 .0350 1 .97 .0273
X A 23,000 1.4 2 1.70 .0391 4 1.37 L0349 I .9k .0272
X A 23,000 1.3 1n 1.65 L0396 13 1.31 L0352 13 .90 027k
X A 21,000 1.5 3 1.97 N %58 3 1.52 . 0369 3 1.03 .0285
X A 21,000 L.k 3 1.89 L0420 3 147 .0368 3 .99 0284
XT B 46,000 1.5 21 1.12 .0398 21 .97 L0356 21 .5 .0296
X B 46, 000 1.4 T 1.08 L0354 8 .9k 0355 8 .73 .0295
ped B ks, 000 1.5 9 1.16 OL0g 9 1.00 L0365 8 ST .0302
poss B 44,000 1.5 69 1.20 LOk20 70 1.02 L0373 70 .79 L0309
XIIT B 43,000 1.5 20 1.23 L0430 19 1.05 .0382 19 .81 L0315
XIII B k2, 000 1.5 17 1.28 LOk43 17 1.08 L0391 17 .83 .0322
XIIX B 42,000 1.k 4 1.22 JOL37 L 1.05 .0390 3 .80 L0321
XV B 41,000 1.6 1 1.37 ok63 1 1.14 L0403 1 .87 L0331
xav B 41,000 1.5 32 1.32 OhsSh 32 1.11 .oko1 32 .85 .0329
Xxv B Lo,000 1.5 6 1.36 JOU6T 6 1.15 LOL1Y 6 .87 .0336
XV B ko, 000 1.0 3 1.31 .0u62 3 1.11 L0410 2 .8l L0335
XV B 39,000 1.5 17 1.k o483 18 1.18 Loh21 18 .89 O34k
XV B 38,000 1.4 13 1.41 049l 13 1.18 L0431 13 .88 L0351
X1 B 37,000 1.5 76 1.53 0513 17 1.26 .Obll T7 93 .0360
xvI B 36,000 1.5 7 1.59 0530 8 1.29 L0456 8 96 .0368
XVIL B 35,000 1.5 105 1.65 [ 105 1.3 o468 105 98 L0377
XVIII B 34,000 1.6 1 1.77 0570 2 1.2 .ou82 2 1.03 .0387
XVIIT B 34,000 1.5 14 1.72 L0562 1h 1.38 LOkT9 12 1.01 0384
XVIII B 34,000 1.k 3 1.65 .05 3 1.34 w8 3 97 .0383
XIX B 33,000 1.5 115 1.78 WO5TT 115 1.42 .0k89 11k 1.03% L0391
XX B 33,000 1.4 2 1.72 L0573 2 1.38 .ou88 2 1.00 .0390
XIX B 32,000 1.5 1 1.85 L0592 1 1.47 L0501 1 1.06 .0398
XX B 30,000 1.3 2 1.8 L0620 2 145 .0527 2 1.03 L0416
XIX B 30,000 1.2 2 1.75 L0645 2 1.37 52 2 .97 L0428
xx B 28,000 1.5 2 2.17 L0658 2 1.67 0549 2 1.17 29
XX c 37,000 2.0 10 n 11
to to
29,000 1.5
T D 49,900 2.0 12 12 12
to to
43,000 | 1.85 L
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(c) Sonic-boom characteristics in parametric form.

Figure 5.- Definition of inputs to sonic-boom overpressure calculations by the machine
computer procedures described in appendix of reference 1.
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rise time associated with

Peaked wave with very short
- Type P
initial peak

(a) Type P.

Type N {Approximately N-wave in shape

(b) Type N.

- Rounded - off wave having
Type R {sine-wove -type appearance

{c) Type R.

I

Ap

Opos

- Type C {Peaked wave with long rise time

0
o

Figure 5.- Schematic diagrams showing some categories of waveforms measured at ground
level during the tests.

(a) Type C.
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Figure 6.- Probability of equaling or exceeding & given value of the ratic of measured to
calculated overpressures for airplane A.
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Figure 6.- Continued.
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Figure 6.- Concluded.
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Figure T.- Probability of equaling or exceeding a given value of the ratio of measured
to calculated overpressures for airplane B.
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Figure T.- Continued.
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Figure T.- Concluded.
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Figure 8.- Probability of equaling or exceeding a given value of the ratio of measured
to calculated positive impulse for airplane A.
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Figure 8.- Concluded.
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Figure 9.- Probability of equaling or exceeding a given value of the ratioc of measured

to calculated positive impulse for airplane B.
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Figure 9.- Continued.
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Figure 9.- Concluded.
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Figure 10.- Sonic-boom pressure signatures for airplane A at an altitude of 28,000 feet
and a Mach number of 1.5 from five microphones grouped within 8 inches of ground.
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Figure 15.- Measured inside peak overpressure as a function of outside positive
impulse as measured at station 1 for airplanes A and B.
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